ABSTRACT
INTRODUCTION
Brazil and USA are the first bioethanol producers with the world production about 51 million liters with an average of 73% of produces ethanol worldwide, 17% to alcoholic beverage and 10% to industrial ethanol (Niga, 2009) . Bioethanol can be a product from an edible source which known as first generation bioethanol such as sugarcane and corns. Second generation of bio-ethanol is from lignocelluloses biomass is from non-edible source such as palm oil biomass. This make second generation of bioethanol is a better choice to replace fossil fuel without disturbing food sources. By converting the waste into valuable product, it can reduce the environmental problem. Lignocelluloses material contain about 50% -60% carbohydrate in the form of cellulose and hemicelluloses which may be fermented to ethanol and 20% -35% of lignin content (Galbe and Zacchi, 2007) . Nowadays, oil palm tree is one of the main source for the production of bioethanol but there are not much attention is been given to oil palm sap which are product that come from the tree component such as oil palm trunk and oil palm fronds.
Malaysia is one of the largest exporters of palm oil product in the world. Malaysia produces a large amount of agro-industrial residue with oil palm industry itself produced about 83 million tons of residues in 2012 (Rozario, 2013) . Malaysia has produced about 62.25 million tons of oil palm trunks and oil palm fronds of the total palm biomass in year 2012 and increasing of oil palm biomass in Malaysia is predicted to be 100 to 110 million tonnes by year 2020 (Rozario, 2013) . Biofuel that produces from oil palm tree is an environmental friendly and low cost therefore many interests are being shown to these sources. Mostly, the major parts of the solid biomass from the oil palm tree are being leave behind on the plantation is to be found as oil palm fronds (Zahari et al., 2012) .
Oil palm frond is one of the useful raw materials for the production of bioethanol which is environmental friendly *Corresponding author way. Pre-treatment of the oil palm fronds need to be done to achieve good bioethanol production. However, pretreatment step for the bioethanol production from lignocellulosic biomass is relatively expensive. The main contradict are low yield and cost of the hydrolysis process (Sun and Cheng, 2002) .
Thus, oil palm frond juice (OPFJ) is being introduced as another source for the production of bioethanol. Previous study has been shown that oil palm frond juice is suitable to be used as fermentation feedstock because there was no inhibition on microbial growth or product formation, there were no impurities, it was easy to be operated, and it had no risk on health and safety (Zahari et al., 2012) . Oil palm frond sap has been proved by Lee and Halim (2014) contains high sugar content which is 77.69% from total free sugar content. In Malaysia, a study shows that glucose is the dominant sugar in the oil palm sap (Kosugi et al., 2010) . Since there are many studies show that oil palm frond juice contains higher sugar content, a higher level of production of bioethanol from oil palm sap is possible.
A study by Nwachukwu et al. (2008) shows that improving yeast resistance by protoplast fusion increased yields of ethanol by 16% v/v. Apart from that, fermentation technologies also help to improve the production of bioethanol. There are three types of fermentation that can increase the production of bioethanol which are batch, fed-batch and continuous fermentation. This project aim is to increase the yield of the bioethanol production using oil palm frond juice as feedstock via batch fermentation process.
MATERIALS AND METHODS

Oil palm frond juice (OPFJ) preparation
Oil palm fronds were obtained from local plantation plant located at Balik Pulau, Penang, Malaysia. All the leaves and outer layer of OPF were removed to get the smooth layer of OPF and were pressed using sugarcane machine press as soon as possible to avoid moisture losses (Zahari et al., 2012) and also fungus grow. OPFJ obtained were centrifuged at 10,000 rpm for 15 min and a clear yellowish supernatant color was obtained (Lee and Halim, 2014) . To avoid sugars degradation, the OPFJ were stored in freezer at −20 °C (Dinie et al., 2014) prior to use.
OPFJ sugar composition analysis
Fructose, glucose and sucrose were determined using High Performance Liquid Chromatography (Shidmadzu, Japan) equipped with refractive index (RI) using ApsHypersil column with diameter of 250 mm × 46 mm (Lee and Halim, 2014) . Mobile phase used was 85% of Acetonitrile and 15% de-ionised water. The flow rate and oven temperature used were 0.6 mL/min and 40°C, respectively.
Preparation of S. cerevisiae HC10 strain
One hundred mL nutrient broth medium (yeast extract, 5 g/L; peptone, 10 g/L; and 15% of glucose solution, 50 g/L) (Farhana and Jamaludin, 2010) were prepared in a 250 mL conical flask. Glucose solution nutrient broth was autoclaved separately at 121 °C for 15 min. Stock culture of S. cerevisiae HC10 were sub-cultured into the conical flask contained nutrient broth media and was incubated for 24 h at 150 rpm and 30 °C. Nutrient agar slant were prepared in universal bottle using the same media composition mentioned above with the addition of 20 g/L of agar powder (Farhana and Jamaludin, 2010) . After 24 h incubation, culture was streaked onto the agar slant and was incubated for 3 days at 30 °C. Grown colonies on the agar slant were stored in refrigerator at 4 °C for further use.
Substrate sterilization and inoculation
OPFJ was transferred into bioreactor and autoclaved at 121 °C for 15 min. The sample was allowed to cool down to room temperature before inoculation was carried out under sterile condition.
Growth profile of S. cerevisiae HC10
Growth profile was conducted using 2.0 L bench-top minifors bioreactor (Infors, Germany) with working volume of 1.5 L. Sterilized nutrient broth media was inoculated with 15% (v/v) of inoculum and the process was conducted under the optimized condition of pH; 4.5, temperature; 30 °C, flow rate; 1 volume versus mass (vvm) and 30% initial oxygen concentration (Lee and Halim, 2014) . Fermentation process was carried out for 42 h and 15 mL of sample was taken out for every 3 h interval. Harvested samples were analysed for biomass, sugar and ethanol concentration.
Screening of factors affects bioethanol production
Effect of agitation and volume of OPFJ was studied in order to know the best condition for maximum ethanol production. For agitation, the factor levels were 100 to 200 rpm with 25 rpm interval. While for the effect of OPFJ volume, the factor levels used were 30, 35, 40, 45 and 50%. The specified parameter were varies by keeping all the other parameters constant. The determined parameter ranges were used in next step of studies.
Optimization of bioethanol production via batch fermentation process
Optimization of bioethanol production was investigated using CCD of RSM. The experiment was conducted using same bioreactor system with 1.5 L of working volume for each runs. Thirteen combinations of experimental runs were performed using volume of OPFJ (%) and agitation speed (rpm) as variables parameters to be studies. The experimental runs were performed according to the Design Expert Version 7.0.b1.1 software. After the process was completed, the sample was collected and stored at −20 °C for further analysis of biomass, sugar utilization and ethanol production.
Determination of biomass
The analysis was determined by measuring dry cell weight. Around 10 mL of cell suspension were vacuumfiltered through 0.45 µm filter paper. Cells suspension for each sample was rinsed 2× with distilled water. Filter papers were dried at 70 °C in an oven for at least 24 h until constant weighed was achieved. The dried filter papers were weighed on analytical balance to determine the biomass
Residual sugar determination using HPLC system
All remaining sugar leaved after fermentation was determined according to the method described in OPFJ Sugar Composition Analysis.
Determination of ethanol concentration using gas chromatography
Ethanol content (%) in the samples were analysed using Gas Chromatography (GC) (Shimadzu, Japan) equipped with Flame Ionization Detector (FID) detector using RT-Q-BOND column (inner diameter of 0.32 mm). The total flow rate was 21.9 mL/min and the operating pressure was 71.1 kPa. The carrier gas used was Helium (He) and column oven temperature was set at 200 °C with the holding time for each sample was 5 min.
RESULTS AND DISCUSSION
Oil palm frond juice sugars composition
Only three types of fermentable sugar were investigated in the pressed OPFJ, namely glucose, fructose and sucrose. These sugars were utilized by yeast for the production of bioethanol. From the total free sugar obtained, glucose was found to be the major component (72.58%). Other sugars present were sucrose accounting for 20.27% and fructose, 7.15%. This result showed was in agreement with the findings reported by Murata et al. (2013) and Kosugi et al. (2010) who suggested that glucose were the dominant sugar and followed by sucrose and fructose.
The percentage of sugar composition recorded were lower compared to the findings reported by Lee and Halim (2014) . In addition, the percentage of glucose was 5.38% lower but sucrose and fructose showed 4.05% and 1.33% higher, respectively. The total amount of free sugar present in OPFJ indicated that OPF contain beneficial sources of carbohydrates that help in bacterial growth. The lower sugar obtained from this studies may due to several factors. One of the reasons may due to less efficient of using sugarcane press machine to press the OPF. A study conducted by Che Mohd Hakiman et al. (2014) showed that sugarcane pressing machine gave only 47.8% sugar recovery from total free sugar whereas 88% of sugar was recovered by hydraulic pressing machine. Other than that, storage of oil palm frond at ambient condition may cause free sugar degradation by microorganisms (Che Mohd Hakiman et al., 2014) . The aged of the OPF harvested also one of the crucial factor that affect the sugar recovery where young trees gave more sugars compared to older trees (Murai and Kondo, 2010) .
Growth profile of S. cerevisiae HC10 and sugars utilization pattern before optimization
It can be seen from Figure 1 ; lag phase was not showed in the growth profile because yeast already adapted during the inoculum preparation. It is essence that inoculum in shake flask gives the better quality of seed culture to be inoculated in the larger scale bioreactor. In the first 9 h of the fermentation, there was a drastic increased in cell biomass during exponential phase as shown in Figure 1 . Deceleration phase was detected between 9 to 12 h of fermentation. The growth begins to decline after 12 h and ascend back at 27 h. This occurrence showed the pattern of diauxic growth which happened when the glucose become substrate limiting factor and during this time, there were short lag phase which enzyme were produced by cells to consume another carbon source or nutrient (Shankar, 2013) . In the fermentation, ethanol and other products were produced, thus cells utilized this sources to support the growth. On the other hand, stationary phase were observed as there were slow down of growth rate after 30 h of fermentation.
On top of that, the concentrations of all fermentable sugars were decreased rapidly with an increasing of production ethanol and cell biomass (Figure 1) . The sugars were rapidly consumed by cells during exponential phase for growth. The increasing of glucose and fructose indicated that sucrose was hydrolysed into its monomer which composed of glucose and fructose (Shahirah et al., 2014) . During the first 3 h slightly increased in fructose while sucrose were slightly decreased but as for glucose there were no increasing occurred since the cells were intensively consumed by S. cerevisiae HC10 for the growth. In term of ethanol production, the concentration was increasing rapidly at the first 10 h and reaching maximum concentration of 4.03 g/L after 12 h of fermentation. But the concentration was started to decrease after 15 h. This is because the total sugar concentration became substrate limiting factor in the system and the higher ethanol concentration gave inhibitory effect to the system itself. Apart from that, reduction in ethanol concentration may due to evaporation of ethanol from time to time during fermentation (Shahirah et al., 2014) .
Screening of factors affects bioethanol production
Effect of agitation speed on the growth and ethanol production by S. cerevisiae HC10
Agitation plays an important role in improving the oxygen transfer rate which is beneficial for growth performance. Apart from that, agitation also resulted in better mixing which help for maintaining the homogeneity in bioreactor. This is because better diffusion between exterior and interior gradient of cells help in maintaining good sugar supply and other nutrients to the cells (Rodmui et al., 2008) .
The highest ethanol concentration of 5.01 g/L and cell biomass of 5.73 g/L were achieved with agitation of 175 rpm. Figure 2 proved that growth of S. cerevisiae HC10 increased with the increasing in agitation speed from 100 rpm to 175 rpm. At 200 rpm the productivity of ethanol and cell biomass was lower than 175 rpm. This means that higher agitation speed will supply more dissolved oxygen to the cultures and allow the cells to carry out aerobic fermentation and become larger cells but too high agitation speed may detrimental to the cells because it will damage or even rupture the microbial cells upon agitation. This current finding were in agreement with a study carried out by Chauhan et al. (2013) who suggested that increased in agitation rate resulted in decreasing of dextransucrase activity. 
Effect of volume of oil palm frond juice (OPFJ) on the growth and ethanol production by S. cerevisiae HC10
Volume of OPFJ used in fermentation for ethanol production is crucial. This is because OPFJ contain fermentable sugars; glucose, fructose and sucrose that help as a carbon sources in fermentation process. S. cerevisiae HC10 utilized these sugars for the growth performance and ethanol production. Increasing the volume of OPFJ in fermentation media will eventually increase the concentration of fermentable sugar until a certain level.
As shown in Figure 3 , maximum ethanol production was 4.52 g/L with the highest biomass concentration of 5.25 g/L. This was achieved when 40% of OPFJ was used in the fermentation media. While, 30% and 35% of OPFJ only produced 2.83 g/L and 3.48 g/L of ethanol, respectively. The results indicated that increasing the volume of OPFJ will increase the biomass and ethanol production. However, further increased of OPFJ volume (>40%) in fermentation media resultant decreased in both biomass and ethanol concentration. This phenomenon occurred because yeast cells were exposed to the osmotic stresses which not favour yeast growth and ethanol production (Safri et al., 2011) . Efficiency of yeast population decreased when high volume of OPFJ was used in the early fermentation. Thus, it affects the biomass and ethanol production. Study conducted by Maurice (2011) stated that a lower substrate concentration (40 g/L) gave an ideal fermentation condition than high substrate concentration (80 g/L and 100 g/L) with maximum ethanol yield of 76.28%. 
Optimization of batch fermentation process for bioethanol production
Production of bioethanol by S. cerevisiae HC10 was optimized using CCD of RSM. To determine the potential of ethanol yield, 13 experiments were run conducted using Design Expert software version 7.0.b1.1. The Fit summary analysis shows that the suggested model was quadratic with very low probability p-value of < 0.0001 and F-value of 178.13 (Table 1) . In Model Summary Statistic, the quadratic model has low standard deviation (0.21) and is acceptable. The R-squared value of 0.9809 means that the fit interpreted 98.09% of the total variation in the data (Table 2) . ANOVA report in Table 3 showed the response surface quadratic model with F-value of 71.93. Low probability p value of < 0.0001 indicated that the model is significant. The coefficient of R 2 and R 2 adj are used to measure the reliability of the model. The value of R 2 and R 2 adj obtained were 0.9809 and 0.9673, respectively which indicated the model is fit. This show that 98.09% implies high significance of the model and only 1.91% from total variations cannot be explained by the model. Values of 'Prob>F' less than 0.05 indicated model terms are significant. In this case A 2 , B 2 are significant model terms with Prob>F value of <0.0001. Value greater than 0.10 indicated the model terms are not significant. If there are many insignificant model terms, model reduction may improve the model. The "Lack-of-Fit F-value" of 4.04 implies the Lack-of-Fit is not significant relative to the pure error. There is 10.54% chance that the "Lack-of-Fit Fvalue" this large occur are due to noise. Non-significant lack of fit is good because we want the model to fit. The "Pred R-Squared" of 0.8905 was in reasonable agreement with the "Adj R-Squared" of 0.9673. "Adeq Precision" measured the signal to noise ratio. A ratio greater than 4 is desirable. The ratio of 16.824 indicates an adequate signal. Thus, this model can used to navigate the design space.
Verification experiment
To determine the optimum value of ethanol production, optimization process was accomplished using the DesignExpert Version 7.0.b1.1 software. The agitation and volume of OPFJ were chosen "within" the range to achieve the highest performance result. The only response is ethanol production (g/L), which was set to be maximum. The optimum conditions suggested by the software were agitation speed of 152 rpm and volume of OPFJ 39.72%. The highest ethanol production (4.79 g/L) was chosen due to the highest desirability of 0.92 for this optimum condition. To verify the predicted result, experiment was conducted using the suggested optimum condition. The experimental value obtained was 4.51 g/L which is in agreement with the predicted value of 5.8% different compare to the predicted value. The percentage error value was calculated from the validation experiment which proved that the optimization process by CCD was dependable and capable for ethanol production from OPFJ using S. cerevisiae HC10.
Growth profile of S. cerevisiae HC10 and sugars utilization pattern after optimization
Another growth profile of S. cerevisiae HC10 was run using the optimized parameter (Figure 4 ). Exponential phase of S. cerevisiae HC10 can be detected from 0 hour to 15 h of fermentation time. During this phase, the reproduction and metabolism of yeast is in higher rate. Within 24 h, the number of yeast cell increased up to 1000-fold. In the basic stages of the growth rate, the first stage of profile growth was lag phase where it occurred during the early fermentation hour time, where the yeast is begin to adapt to new surrounding which show no sign of growth of the yeast. During this phase, oxygen was absorbed by yeast cell to synthesize enzyme and other metabolic for fermentation and growth. From Figure 4 , lag phase was not shown because the yeast already acclimated during inoculum time. Deceleration phase was occurred at 18 h where during this time fermentation and carbon dioxide were produced along with the oxygen depleted. Heat also being produced and bubbling occurred because of the rapid carbon dioxide evolution. The growth rate started to decline at 18 h to 27 h. This growth occurred was due to the depletion of glucose and cells acclimated to respiratory metabolism. Stationary phase occur at 36 h to 42 h when the cells experienced carbon starvation and other nutrients (Stahl et al., 2004) .
The highest ethanol production (5.75 g/L) was achieved during 15 h of fermentation (Figure 4) . The ethanol concentration increased by 1.65 g/L from 4.10 g/L after optimization. After 15 h, ethanol concentration started to decrease and the fermentation process stop since glucose become the limiting substrate in the system. Study conducted by Lee and Halim (2014) show that the highest ethanol production achieved after optimization was 6.81 g/L which was higher than in this study. This likely due to the total free sugar in the OPFJ study by Lee and Halim (2014) was higher than in this study as mention earlier.
Kinetic study of S. cerevisiae HC10
Based on ANOVA analysis, there were significant difference between 12 h and 15 h of fermentation time at optimum condition. Thus, in this kinetic parameter, 15 h of fermentation time were calculated instead of 12 h fermentation time. This is because the highest ethanol concentration was achieved at 15 h under optimum condition and 12 h at initial condition. From the kinetic values obtained the specific growth rate before and after optimization were 0.11 h -1 and 0.10 h -1 , respectively. A study conducted by Paredes-López et al. (1976) shows that Candida utilis that grown on prickly pear in batch culture has a specific growth rate of 0.47 h -1 and recent study by Kartawiria et al. (2015) using S. cerevisiae has a specific growth rate of 0.38 h -1 in aerobic condition and 0.17 h -1 in anaerobic condition. Thus, this shown that in cell growth, specific growth rate is depends on environmental condition. At initial and optimum conditions the yeast cells need 6.13 h and 7.07 h for the cells to double its population, respectively.
The ethanol yield coefficient at initial fermentation condition was 0.02 g of ethanol per g of glucose meanwhile under optimum condition, 3.5 fold increased in ethanol per g of glucose was obtained compared to initial fermentation condition. A study of ethanol production using batch fermentation by Cheng et al. (2009) showed that the ethanol yield coefficient (Y p/s) was 0.06 g of ethanol per g of glucose which was lower than in this study. On the other hand, final and maximum productivity of ethanol at initial condition were 0.34 g/L/h and 0.04 g/L/h whereas under the optimum condition, the final and maximum productivity of ethanol were 0.30 g/L/h and 0.05 g/L/h, respectively. The percentage of ethanol yield under optimum condition was higher than at initial condition. This is because cells were grown in suitable environmental conditions which help to maximize the ethanol production.
CONCLUSION
Agitation rate and volume of oil palm frond juice (OPFJ) have proven can increase the ethanol production in bioreactor. Agitation rate (175 rpm) and volume of oil palm frond juices (40%) produced 5.01 g/L ethanol. Under optimized conditions, the highest ethanol concentration achieved was 5.75 g/L. On top of that, the ethanol yield (82%) was 9% higher compared to before optimization. This proved that OPFJ is a suitable feedstock for ethanol production.
